It is believed that muscle glycogen resynthesis can be stimulated by depleting the glycogen stores by heavy physical exercise and then eating a diet rich in carbohydrates. In this study, we The aim of the present study was to find out whether muscle glycogen concentrations would differ after two dissimilar carbohydrate-loading procedures, performed in field conditions. The depletion exercises for the procedures involved: a halfmarathon race and an easier fartlek. Both procedures are commonly used by marathon runners.
Studies in the late 1960s showed a positive correlation between the pre-exercise muscle glycogen concentration and the ability to perform prolonged, severe exercises'. An elevation of muscle glycogen stores can be achieved by a manipulation of the diet2-5. In the classical method2, muscle glycogen stores are first depleted by prolonged, exhaustive exercise, followed by 2-3 days of low-carbohydrate diet, i.e. fat and protein mainly. Then the stores are replenished by eating a high-carbohydrate diet and taking only light exercise.
The exhaustive depletion exercise has been criticized, because it interferes with the peaking for an important race6. Sherman and Costill4 and Blom et al. 7 have shown that an exhaustive depletion brought about by running might even be totally ineffective in stimulating glycogen synthesis. Despite this, the traditional procedure (exhaustive depletion followed by a carbohydrate-rich diet) is carried out by many endurance athletes as a final preparation for a race.
The aim of the present study was to find out whether muscle glycogen concentrations would differ after two dissimilar carbohydrate-loading procedures, performed in field conditions. The depletion exercises for the procedures involved: a halfmarathon race and an easier fartlek. Both procedures are commonly used by marathon runners.
We also investigated the extent of the physical strain caused by the two depletion runs. Changes in serum testosterone, free testosterone and cortisol concentrations are used as indicators of strain8. The rationale for measuring these hormones is that serum testosterone and free testosterone concentrations have been shown to decrease and serum cortisol concentrations to increase as a consequence of heavy physical exercise9 10.
Subjects and methods
Subjects and experimental design After being informed of the experimental procedures and inherent risks, six well trained, national level, endurance runners (age 29 (±2) years, weight 66 (±2) kg, height 171 (±1) cm and training 552 (±35)km during the previous month -all figures being mean (±s.e.m.)) gave their written consent to participate in the study. Easy training, no more than 1 h per day, was allowed for the 3 days before the depletion run. The subjects performed two carbohydrate-loading procedures, but the depletion runs were different. Twenty-one days separated the two depletion runs, in order to avoid possible carry-over effects from the first procedure.
Depletion and loading
In the 'race' procedure, the depletion run involved a half-marathon road-race on relatively flat terrain. The subjects ran the distance in 74.2 (±0.5) min and their running speed was 3.5 min/km (4.8 mls), roughly equivalent to 70-80% of their Vo2, max. The race was followed by maximal 200 m spurts until voluntary exhaustion occurred (about 15 spurts). Their total running time was 95-100 min. In the 'fartlek' procedure the running course differed and it was not totally flat; the athletes' total running time was the same as for the race (95-100 min), but their mean On the first day after the depletion run, an 80-90 min run was executed. The subjects ate a reduced carbohydrate diet for these 2 days. During the 4-day carbohydrate-loading phase, the subjects executed one easy 45-60min (4.5min/km) run per day. The experimental procedures are shown in Table 1 .
The athletes were instructed on how to choose foods and liquids that would ensure a reducedcarbohydrate diet during the depletion phase. More detailed instructions were provided for the highcarbohydrate diet. All subjects were instructed how to compose a basic diet1' that would ensure a daily carbohydrate intake of 400 g. They were then able to choose from several different food items, providing additional carbohydrate. This was to make certain that they increased their daily intake of carbohydrate to 9 g/kg body weight. The daily nutrient intake was calculated from the subjects' food diaries by a computer program 12. To aid their food-recording process, all participants were given postal scales for weighing portions. During loading, there were no significant differences in the carbohydrate intake between the intense and moderate procedures ( Table  2 ). The mean percentages of carbohydrate in the total energy intake were 70% for the race procedure and 67% for the fartlek. for each subject) were carried out, only five resulted in increased glycogen levels. A significant (P < 0.05) decrease in the serum free-testosterone concentrations (Figure 2 ) was observed after both depletion runs, but the decrease was more pronounced (P < 0.05) after the race run. Even 6 days after the half-marathon race, at the end of the loading phase, the free-testosterone concentrations were still significantly lower than the pre-run values. In five out of six subjects, the serum cortisol concentrations were higher after the race than those obtained after the fartlek. This difference did not reach statistical significance.
Discussion
In the present study, neither the race nor the fartlek procedure resulted in clearly increased glycogen concentrations in the subjects. In addition, no differences in final muscle glycogen levels between All the subjects felt that the fartlek run was much less exhausting than the race. This subjective feeling of fatigue after the intense run was confirmed by hormonal analyses: serum testosterone and free testosterone concentration decreased after the intense run, which is in agreement with Dessypris et al. 24 and Kuoppasalmi et al. 9 . Increased serum cortisol values, observed in five out of six subjects after the intense run, further indicated heavy physical strain.
It can be conjectured that the low concentrations of free testosterone throughout the loading phase after the race impaired glycogen resynthesis. In rats, low serum testosterone concentrations may cause a reduction in glycogen synthesisl0'25. However, it is not known whether this occurs in man as well.
In conclusion, we studied a total of 12 glycogen depletion and loading procedures in six athletes in field conditions, and only five out of 12 resulted in higher glycogen concentrations in the vastus lateralis muscle after rather than before the procedure. Different depletion runs did not affect post-loading glycogen levels. Since an exhaustive depletion exercise might lead to physical overstrain, we do not recommend it for marathon runners.
